Oxidised copper nanoparticles on TiO2 have been found to effectively catalyze the multicomponent synthesis of 1,4-disubstituted 1,2,3-triazoles in water under both conventional heating and ultrasonic irradiation conditions. The Cu/TiO2 nanocatalyst is easy to prepare, very versatile and recyclable. Following the optimized conditions, an array of 1,2,3-triazoles containing thiazolidine-2-thiones were synthesized from 5-iodomethylthiazolidine-2-thiones, sodium azide, and phenylacetylene. All the compounds were evaluated for antibacterial activitiy and some of them displayed varying levels of antibacterial activity against Staphylococcus aureus and Escherichia coli.
Introduction
1,2,3-Triazole and its derivatives are potential pharmacophore which received considerable attention over the past few years. They are also exhibit wide range of biological properties such as anti HIV, antialergic, antimicrobial, antifungal and antitumor. [1] [2] [3] [4] [5] In recent years, several different methods have been reported for the synthesis of 1,2,3-triazole derivatives and as a result, the multiple derivatives of triazole ring were synthesized. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] For the 1,2,3 isomer, copper(I)-catalyzed 1,3-dipolar cycloaddition of substituted azides and terminal alkynes, [3+2] Huisgenʼs cycloaddition reaction, is the most common method for the synthesis of these compounds. Great efforts have been assigned in order to increase the general efficiency of the process adopted to numerous applications of the resulting 1,2,3-triazoles. 16, 17 The high costs of transition-metal catalysts and toxic effects of many transition metals have inspired an increased interest in immobilizing catalysts onto a support, particularly for biological applications. 18 The supported reagents can assist the isolation, recovery and recycling of the catalyst by filtration, thus providing environmentally cleaner processes. The immobilization of metal on inorganic supports with high surface area improves the stability and dispersion of the particles and obtain active and recyclable heterogeneous nanocatalysts as a result. 19, 20 With these principles in mind, development of various synthetic modifications such as utilization of various catalysts based on copper ions immobilized on different inorganic supports have considerable advantages for overcoming some of drawbacks of classical Huisgenʼs cycloaddition reaction, such as harsh conditions, long reaction times and low to moderate yields with certain substrates. [21] [22] [23] No reports are available on the synthesis of 1,4-disubstituted 1,2,3-triazoles by use of Cu/TiO2 nanocatalyst. Therefore, investigation of the preparation of 1,2,3-triazoles using Cu/TiO2 nanocatalyst as a heterogeneous catalyst via copper-catalyzed azide alkyne cycloaddition (CuAAC) was carried out in this study.
Several heterocyclic moieties containing of nitrogen, sulfur, oxygen hetero-atom have been explored for the development of new generation antimicrobial agents. 24 Thiazolidine thiones are one of the most important classes of heterocycles that demonstrated the potential antibacterial and antimfungal activities. 25 Thiazolidine thiones are five membered heterocycles of dithiocarbamates family consisting nitrogen and sulfur atoms attaching on the carbon of C=S bond, are one of the key building blocks in drug discovery and synthesis of valuable natural products. 26, 27 The 1,2,3-triazole heterocycles have gained significant interest of synthetic organic chemists for present of this moiety in a number of compounds which show diverse biological activities. 24, 28, 29 In this communication, we wish to report the synthesis of a series of 1,2,3-triazoles containing thiazolidine-2-thiones moieties. Although there have been a lot of reports about the synthesis of 1,2,3-triazoles and their pharmacological properties, insufficient effort have been made to study thiazolidine-2-thiones containing 1,2,3-triazole groups. We wish to present herein our contribution to the 1,3-dipolar cycloaddition of alkynes and in-situ generated azides, from different precursors, catalyzed by Cu/TiO2 in various solvents to achieve 1,4-disubstituted 1,2,3-triazoles. The reactions were carried out under both conventional heating and ultrasonic irradiation conditions (ultrasonic probe).
Results and Discussion
In recent years, a main purpose in synthetic organic chemistry has been to develop environmentally greener and economically competitive processes for the efficient synthesis of biologically active compounds. 30, 31 Because of the wide use of heterogeneous nanocatalysts in different area of organic chemistry, here we wish to report an efficient and environmentally benign method for the synthesis of 1,4-disubstituted 1,2,3-triazoles via 1,3-dipolar condensation reaction in the presence of Cu/TiO2 nanocatalyst as recyclable and active catalyst in water at ambient temperature under both conventional and ultrasound irradiation conditions. Several attempts were made in order to optimize the reaction conditions such as equivalents of sodium azide, number of mol% of catalyst, and different solvent systems at room temperature and higher.
We initiated our study by examining the 1,3-dipolar cycloaddition between benzyl bromide, sodium azide, and phenylacetylene as a model reaction. The corresponding results are listed in table 1. We observed that when the reaction was catalyzed by the well-known CuI (5 mol%) in water, stirring at 78 o C for 24h, the corresponding 1,4-disubstituted 1,2,3-triazole 1a was obtained in 75% yield (Table 1 , entry 1). The desired product 1a was formed in 88% yield in water at 100 o C when 10 mol% of CuI was used as catalyst ( Table 1 , entry 2). It was found that the reaction was sensitive to the amount of catalyst and temperature. Hence, to further improve the reactivity, the amount of catalyst and temperature were optimized. When the amount of Cu/TiO2 was lowered from 5 mol% to 3 mol%, there was a drop in yield (Table 1, entry 3). When the amount of catalyst was increased from 5 mol% to 10 mol%, the yield of product 1a was not changed. Nevertheless, further lowering or increasing the reaction temperature do dramatically decrease the yield ( Extensive screening showed that Cu/TiO2 nanocatalyst was the most effective catalyst. As a result, Cu/TiO2 nanocatalyst was used in the subsequent investigations due to its efficiency, easy isolation, and reusability. Then we turned our attention to investigating the effect of solvents on formation of the 1,4-disubstituted 1,2,3-triazoles from benzyl bromide, sodium azide, and phenylacetylene in the presence of Cu/TiO2 as a catalyst. Among the solvent used, CH3CN and DMF required longer reaction times and yields were 60 and 80%, respectively (Table 2 , entries 3, 4). Reaction in water at 70 o C resulted in high catalytic activity and 98% yield of the desired product ( Table 2 , entry 5). Although use of ethanol as solvent resulted in moderate yield (75%), a mixture of ethanol and water (1:1) furnished the product in good yield. The reaction which performed under conventional stirring, required a reaction time 1-24 h clearly longer than those require when ultrasound was used (10-20min) ( Table 2 ). It is important to note that ultrasound with frequencies less than 50 kHz and use of solid catalysts in the reaction mixture increase the reaction rate because of the local growth in both temperature and pressure due to the cavitation of some bubbles next to the surface of the catalyst/reactants. The best general condition were found to be 1.2 equiv. NaN3, 5 mol% Cu/TiO2 in water at 70 o C until the reaction was complete (Table 2, entry 5). In addition, the catalyst could be easily recovered by filtration and reused leading to triazole 1a in excellent yields along five consecutive cycles ( Figure 1) . A wide range of 1,4-disubstituted triazoles were synthesized from benzyl bromides and different terminal alkynes, and the results are summarized in Table 3 . To the best of our knowledge, this was the first report describing the use of Cu/TiO2 nanocatalyst in the multicomponent variant of the click reaction. Furthermore, this method was found to be equally effectual and straightforward for the preparation of 1,2,3-triazoles containing thiazolidine-2-thione moieties. It is worthwhile mentioning that all the reactions were carried out in the presence of air. The Cu/TiO2 nanocatalysts were prepared by the mixture of copper nitrate and TiO2 in deionized water via ultrasound-enhanced impregnation (UIM) method. Ultrasonic process significantly improve the dispersion of CuO on TiO2 and the surface acid property as well as catalytic activity, especially at low temperatures. This catalyst mainly contains the easily reducible Cu 2+ and CuO species, and highly dispersed CuO sites. 30 It is worth noting that mixed Cu/Cu-oxide and, more recently, CuO nanoparticles are effective catalysts for the Huisgenʼs cycloaddition reaction. 8 The synthesized Cu/TiO2 nanocatalyst was characterized by X-ray diffraction (XRD) and scanning electron microscopy (SEM). Through XRD patterns, the average crystal size of Cu/TiO2 nanocatalyst was calculated as about 40 nm, which is in good agreement with the SEM observation (Figure 2) . In view of the biological importance of triazoles and sulfur heterocycles, a focused library of 1,2,3-triazoles containing thiazolidine-2-thione moieties have been synthesized (Table 4) . Synthesis of thiazolidine-2-thione heterocycles has been carried out by the recently reported procedures by our group (Scheme 1). 32 Scheme 1. Synthesis of thiazolidine-2-thiones. The thiazolidine-2-thiones containing 1,2,3-triazoles group 3(a˗g) were tested for their in vitro antibacterial activity by the disc diffusion method 33 , the data are listed in Table 5 . As shown in Table 5 , it has been found that compounds 3c, 3d and 3g possess different inhibitory activities against both gram-positive (Table 5 , entry 6).
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(Staphylococcus aureus) and gram-negative (Escherichia coli) bacterium (Table 5, entries 3, 4, and 7), while compound 3f showed moderate inhibitory activity against Escherichia coli bacteria
Conclusions
In conclusion, we have employed a new heterogeneous catalyst for the multicomponent [3+2] Huisgenʼs 1,3-dipolar cycloaddition in water. The catalyst consists of oxidized copper nanoparticles on TiO2 and it is readily prepared from copper nitrate in deionized water via ultrasound-enhanced impregnation (UIM) method. A wide range of 1,4-disubstituted-1,2,3-triazoles has been synthesized with excellent yield in aqueous media promoted by both conventional heating and ultrasonic irradiation conditions (ultrasonic probe). Ultrasonic irradiation dramatically reduces the reaction time and temperature. The protocol was also applicable for the synthesis of novel 1,2,3-triazoles containing thiazolidin-2-thione groups in good yield. The catalyst is reusable in the same reaction medium. The antibacterial activity revealed that some of these new compounds showed weak to moderate activities.
Experimental Section
General. Reagents were prepared in laboratory or were commercial products of analytical purity (Merck, Fluka, and Aldrich) and used as received. The Mueller-Hinton agar which was used in antibacterial susceptibility testing, was purchased from Merck. The 1,4-disubstituted-1,2,3-triazoles (1a-1f) by thermal heating methodology. Terminal alkynes (1 mmol), benzyl halide (1 mmol), and sodium azide (1.2 mmol) in 4 mL H2O were introduced in a 10 mL vessel. Sequentially 5 mol% of Cu/TiO2 was added to the mixture. The reaction mixture was warmed to 70 o C, and monitored by TLC until total conversion of the starting materials. The heterogeneous catalyst was removed by a simple filtration. The product was extracted with ethyl acetate (3 × 10 mL). The organic layer was washed with water, dried with Na2SO4 and filtered. The solvent was removed in vacuum to give corresponding triazole, which did not require any further purification. General procedure for the synthesis of 1,4-disubstituted-1,2,3-triazoles (1a-1f) by ultrasound methodology. Terminal alkynes (1 mmol), benzyl halide (1 mmol), sodium azide (1.2 mmol), and 5 mol% of Cu/TiO2 in 4 mL H2O were introduced in a 10 mL thick-walled flask. The flask was attached to a 12-mm-tip-diameter probe, and the reaction mixture was sonicated at ambient temperature. After completion of the reaction mixture (monitored by TLC), the work-up and purification steps were carried out as described above. Benzyl-1H-1,2,3-triazol-4-yl)methanol (1b) (1-(4-Bromobenzyl)-1H-1,2,3-triazol-4-yl)methanol (1c) 2-((4-phenyl-1H-1,2,3-triazol-1-yl) 1,2,3-triazoles containing thiazolidine-2-thione groups (3a-3g) by thermal heating methodology. Terminal alkynes (1 mmol), 5-iodomethylthiazolidine-2-thiones (1 mmol), sodium azide (1.2 mmol), and 5 mol% of Cu/TiO2 in water (4 mL) were introduced in a 10 mL vessel. The reaction mixture was warmed to 70 o C, and monitored by TLC until total conversion of the starting materials. The heterogeneous catalyst was removed by a simple filtration. The product was extracted with ethyl acetate (3 × 10 mL). The organic layer was washed with water and dried with Na 2 SO 4 and filtered. The solvent was removed in vacuum to give corresponding triazole. The product was purified by preparative column chromatography using n-hexane/ethyl acetate (5:3) as eluent to give the product. for the synthesis of 1,2,3-triazoles containing thiazolidine-2-thione groups (3a-3g) by ultrasound methodology Terminal alkynes (1 mmol), 5-iodomethylthiazolidine-2-thiones (1 mmol), sodium azide (1.2 mmol), and 5 mol% of Cu/TiO2 in water (4 mL) were introduced in a 10 mL thick-walled flask. The flask was attached to a 12-mm-tip-diameter probe, and the reaction mixture was sonicated at ambient temperature. After completion of the reaction mixture (monitored by TLC), the work-up and purification steps were carried out as described above. 5-((4-phenyl-1H-1,2,3-triazol-1-yl) 4-phenyl-1H-1,2,3-triazol-1-yl) 3-(4-Isopropylbenzyl)-5-((4-phenyl-1H-1,2,3-triazol-1-yl) 8 (CH3), 23.0 (CH3), 32.9 (S-CH2), 41.0, 51.1, 51.8, 56.7, 119.5 Phenyl-1H-1,2,3-triazol-1-yl) Methylfuran-2-yl)methyl)-5-((4-phenyl-1H-1,2,3-triazol-1-yl) 
1-Benzyl-4-phenyl-1H-1,2,3-triazole (1a
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Inhibition test of triazoles 3(a˗g)
The newly synthesized compounds 3(a˗g) were evaluated for their antibacterial activity against Staphylococcus aureus and Escherichia coli bacterium by disc diffusion method. The bacterial suspensions were adjusted to 0.5 McFarland standards (which gives a final bacterial concentration of 1.5×108 CFU.mL -1 ). The Mueller-Hinton agar were inoculated with bacterial suspension using a sterile cotton swab. The filter paper discs (6 mm in diameter) impregnated with the solution of tested compounds in dimethyl sulfoxide (DMSO) (20 µl/disc, corresponding to 2 mg/disc) and placed onto the agar plates. DMSO was used as a negative control whereas Gentamycin was used as positive control (2 µg/disc). The plates were incubated at 37 °C for 24h. Antimicrobial activities were expressed as inhibition diameter zones in millimeters (mm). The experiments were carried out in triplicates and the average zone of inhibition was calculated.
